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Abstract
Background & objectives: Mass administration of ivermectin drug was carried out annually between
1995 and 2001 in three villages that were endemic for onchocerciasis in the Lower Cross River Basin,
Nigeria. The aim of this study was to evaluate the population dynamics (dispersion patterns,
distribution, prevalence and intensity) of Onchocerca volvulus microfilariae in their human host after
six years of ivermectin treatment.
Methods: A total of 1014 subjects from three rural areas in Etung Local Government Area of Cross
River State, Nigeria were screened for skin microfilariae using standard parasitological method of
diagnosis.
Results: Ivermectin drug intervention had significantly reduced the prevalence of skin microfilariae
(PMF) from 69.3% pre-control to 39.3% and community microfilarial load (CMFL) from 7.11 to 2.31
microfilariae per skin snip. Males (45%) were significantly (p <0.05) more infected than females
(34%). Both microfilarial prevalence and intensity increased with age.  Pearson correlation test between
intensity and age was not significant (r = 0.37; p >0.05). The correlation between age-dependent parasite
prevalence and mean abundance was also not significant (r = 0.42; p >0.05). The degree of dispersion
as measured by variance to mean ratio (VMR), coefficient of variation (CV) and exponent ‘K’ of the
negative binomial model of distribution showed that the parasite aggregated, clumped and overdispersed
in their human host. The relative index of potential infection of each age group showed that adults
between the age of  21 and 50 yr accounted for 52.7% of microfilariae positive cases.
Interpretation & conclusion: Aggregated and overdispersion of O. volvulus observed in this study
showed that active transmission could still be going on, because the tendency of the vector, Simulium
damnosum ingesting more microfilariae was high due to the aggregated and overdispersed nature
of the parasite with its host.
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Introduction
Onchocerciasis is a major public health problem in
Nigeria. It is caused by infection with the filarial
parasite Onchocerca volvulus. It is estimated to affect
over 17 million people in 26 African countries with
3.3 million residing in Nigeria1. There has been con-
siderable interest in the way and manner by which
parasites are distributed in their host. The pattern of
spatial dispersion of a population and its descriptions
are of considerable importance for understanding
population dynamics and this is particularly true inJ  VECTOR  BORNE  DIS  45, MARCH 2008 30
the field of epidemiology where aggregation of a
parasite population with respect to their hosts appear
to be ubiquitous2,3. In human communities, it is typi-
cal for about 15% of individual to play host to about
80% of the helminth parasites4. When considering
host-parasite relationship the host provides a conve-
nient spatial sampling unit, count being made of the
number of parasites concerned5.
In onchocerciasis studies, attempts have recently
been made to relate the estimated number of adult
worms in the body to the estimated total load of mi-
crofilariae6 and also to the estimated exposure to in-
fective larvae7. Like most macroparasitic infections,
onchocerciasis is an endemic, stable, resilient and
chronic disease. In the affected communities, re-in-
fection is the norm and parasite prevalence may reach
high levels. These characteristics are probably due to
the existence of density-dependent regulatory con-
straints on parasite population growth and on the
other hand to the human host’s inability to mount a
strong protective immune response or to do so after
many years of exposure8.
On the Lower Cross River Basin, Nigeria, Simulium
damnosum s.l. is an important vector of onchocercia-
sis and it breeds in rivers, streams and waterfall in this
basin9. Mass drug administration (MDA) through
community directed treatment with ivermectin10 is
used to control onchocerciasis in Nigeria. In the on-
chocerciasis endemic region of Lower Cross River
Basin, ivermectin has been administered once a year
over a six-year period (1995–2001). The aim of this
report is to examine the degree of dispersion and
nature of frequency distribution of O. volvulus in
human host after six years of drug administration to
assess its epidemiological implication.
Material & Methods
Study site: Cross River State is situated within the
Cross River Basin between latitude 5°32′ and 4°27′
N and longitudes 7°50′ and 2°20′ E. It occupies an
area of 23,074 km2.  The climate is tropical except for
Obudu Plateau which is temperate (5200 ft above the
mean sea level). There are two seasons, the rainy sea-
son from April to October and the dry season from
November to March with a perennial rainfall of about
350 mm in the coastal areas and between 120 and 200
mm in the hinterland with maximum precipitation
during July to September. Ambient temperature re-
mains high throughout the year (22.4–33.2°C). Rela-
tive humidity is high (60–93%). Natural resources in-
clude petroleum, palm produce, timber, rubber, fish
and livestock. The economy of Cross River State is
agro-based with farming and fishing being the pre-
dominant occupations of the people.
A total of three villages (Ajassor, Agbokim and
Bendeghe-Ekiem) from Etung Local Government
Area of Cross River State, Nigeria were surveyed for
onchocerciasis through random sampling. Pre-treat-
ment (baseline) epidemiological data were collected
by the National Onchocerciasis Control Programme
(NOCP) in 1994, just before the commencement of
treatment with ivermectin. The communities were
selected on the basis of their hyperendemic status and
were receiving treatment with ivermectin. A detailed
description of the study site is reported elsewhere11,12.
Ethical clearance was obtained from the  Cross River
State Ministry of Health. Informed consents of the
individuals and the communities were also obtained.
Methods: This study was conducted between August
and November 2001. Two skin biopsies were ob-
tained from the right and left iliac crests of all indi-
viduals who presented themselves for the survey.
Holth corneoscleral punch (Storz instrument GMBH,
Heldelberg, Germany) was used to obtain the skin
biopsies as previously described13,14. After each series
of two skin snip was obtained from a subject, the
scleral punch was sterilised by washing sequentially
in glutaraldehyde, sodium hypochlorite solution, dis-
tilled water and alcohol15,16. The entire process is to
ensure that HIV and other blood-borne infections are
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The snips were incubated in buffered saline for 24 h
at room temperature. Thereafter, emerged microfi-
lariae were observed and counted. Microfilariae were
fixed with 2% formalin and stained with Giemsa in
order to confirm their specific identity as O. volvulus
as described previously17. The arithmetic mean of the
two skin snip counts was used as a measure of the
level of infection.
Mass drug administration: Treatment of onchocer-
ciasis with ivermectin started in Cross River State in
July 1995 as a combined effort of State Ministry of
Health and United Nations International Childrens
Emergency Fund (UNICEF). Successive treatments
were given between the months of February and
March each year before evaluation in 2001. In 1998,
Cross River State began receiving African
Programme for Onchocerciasis Control (APOC’s)
support with the initiation of community directed
treatment with ivermectin (CDTI). The CDTI ap-
proach empowers endemic communities to take full
responsibility for the drug delivery process, decide
how and when and by whom treatment should be
administered and oversee its implementation and
follow-up for upwards of 15 years, long after the
cessation of direct APOC support18. In each of the
communities examined, community directed dis-
tributors (CDDs) were incharge of ivermectin distri-
bution. The heights of all the subjects were first de-
termined and the exclusion criteria adopted in admin-
istering the drug1. The drug was administered accord-
ing to the following regimen, less than 90 cm, 0 mg;
90–119 cm, 3 mg or 1 tablet; 120–140 cm, 6 mg or 2
tablets; 141–158 cm, 9 mg or 3 tablets; and 159 cm
and above, 12 mg or 4 tablets. For all those who ac-
cepted the drug, individual compliance was ensured
as the subject was made to ingest the drug in the pres-
ence of the CDD. The full name, sex, age and height
of every treated subject were recorded at every treat-
ment period and the dose was noted.
Treatment coverage: We determined the total number
of persons treated in each community during the
period of 1998–2001 by reviewing the community
treatment register and annual summary treatment
statistics maintained by the National Onchocerciasis
Control Programme, Calabar Office. The Pre-CDTI
period (1995–1997) could not be evaluated because
treatment was at the local government level and there
was no community specific treatment data. Ivermectin
was made to the public primarily through mobile
teams and static facilities, as such register was not
properly kept.
Data analysis: The prevalence was measured as the
percentage of persons found to be infected, while
intensity was determined as the arithmetic mean and
geometric mean of the microfilarial counts among
those infected. Differences between proportions were
tested using chi-square (χ2).  Variations in mean val-
ues between groups were tested using student’s t-
tests. The community microfilariae load (CMFL) is
the geometric mean number of microfilariae per skin
snip among adults aged 20 yr or above in the commu-
nity including those with negative counts. This mean
was calculated using a log (x+1) transformation19.
Two measures of the degree of parasite clumping in
the host population were calculated; the variance to
mean ratio (VMR)  
Χ
2 S  of parasite numbers per host
measures the degree of aggregation or contagious dis-
tribution20. The negative binomial distribution
[ = ]  is a discrete unimodal distribution defined
by a positive exponent (k) and the population mean
() Χ  where k varies inversely with respect to the degree
of overdispersion. The coefficient of variation
(CV%) was determined according to Gregory and
Woolhouse4.
Annual therapeutic  No. of persons treated =× 1 0 0
Total population determined 
     each year of treatment
coverage (ATC)
Interval therapeutic
coverage (ITC)
Sum of total of all treatment
                 (in yr) = ×100
Sum of total of population 
                (in yr)
CV = 
SD
X100
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Pearson correlation analysis was carried out between
the indices of dispersion and mean load, or host age.
Index of potential infection (IPI) and relative index
potential infection (RIPI) were calculated as:
study area was 7.11 microfilariae/skin snip in 1994,
and this reduced to 2.31 microfilariae/skin snip in
2001, representing a 67.5% reduction (Table 2).
Males (45%) had a significantly (χ2 = 12.44; p <0.05)
higher infection rate than females (34%) (Table 3).
The mean microfilarial burden was 3.51/skin snip.
Both microfilarial prevalence and intensity increased
with age. Pearson correlation test between intensity
and age was not significant (r = 0.37; p >0.05). The
correlation between age dependent parasite preva-
lence and mean abundance was also not significant
(r = 0.42; p >0.05). High variance to mean ratio  (6.8–
23.46)  was significantly (p <0.001) greater than unity
suggesting an aggregated or contagious model of
dispersion (Table 4). The values of the exponent (k)
of the negative binomial distribution were all less
than one (–1.0 to 0.87) indicating over dispersion
(Table 4). The coefficients of variation were also
higher than 100%,  exhibiting a clumped distribution.
The values ranged from 115.81 to 210.58%. The RIPI
of different age groups infected with O. volvulus mi-
crofilariae showed that children between 1 and 20 yr
age accounted for 12.56% of positive cases while the
active age group (21–50 yr) accounted for 52.7% of
positive cases. The older age group (>50 yr) contrib-
uted 34.7% of the O. volvulus positive cases (Table 5).
Discussion
Mass drug administration using ivermectin for the
treatment of onchocerciasis brings about a reduction
in the transmission of the parasite.The effect has been
No. of infected × % infected × geometric mean
IPI = 
100
No. infected × % infected × geometric mean
RIPI = 
IPI
×100
∑
All statistical analyses were performed using SPSS
for windows version 10 (SPSS Inc., Chicago, IL,
USA).
Results
The interval therapeutic coverage (ITC) for the study
area over the six years period was 73.5% (range 72–
74%). The annual therapeutic coverage (ATC) for the
communities ranged from 39–97% (Table 1).
To assess the impact of this treatment on the disease,
changes in prevalence and intensity were monitored
in 1014 subjects of the three endemic villages in
2001. In 1994, 69.3% of the 440 adults examined
were parasitologically positive for O. volvulus mi-
crofilariae in their skin snip. In 2001, microfilariae
could only be detected in 39.3% of the 1014 subjects
examined representing 43.3% reduction. The CMFL
in all the treated communities was also reduced dur-
ing the period of investigation. Overall CMFL for the
Table 1. Annual therapeutic coverage in the study areas from 1998–2001
Village 1998 1999 2000 2001 Total
Pop. Treated % cov Pop. Treated % cov Pop. Treated % cov Pop. Treated % cov Pop. Treated % cov
Ajassor 2454 1828 74 3806 3543 93 3806 2050 54 3820 2634 69 13,886 10,055 72
Agbokim 2289 1072 47 2110 1678 79 3491 2822 81 3873 3174 82 11,763 8,746 74
Bendeghe- 2893 1960 68 3110 1212 39 4227 4116 97 4259 3411 80 14,489 10,699 74
Ekiem
Total 7636 4860 64 9026 6433 71 11524 8988 78 11952 9219 77 40,138 29,500 74
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Table 2. Prevalence of skin microfilariae (PMF) and community microfilarial load (CMFL) in eight
communities receiving ivermectin
Village Prevalence of skin  microfilariae12 Community microfilarial load (mf/ss)12 Total number examined
1994 2001 % Reduction 1994 2001 % Reduction 1994 2001
Ajassor 66.5 27.2 59.1 5.63 1.56 72.29 142 368
Agbokim 75.5 56.3 25.4 8.44 3.22 61.85 144 238
Bendeghe-Ekiem 66.0 40.2 39.1 7.25 2.15 70.35 154 408
Total 69.3 39.3 43.5 7.11 2.31 67.50 440 1014
p-value p<0.05 p<0.05
Table 4. Onchocerca volvulus prevalence, intensity and measures of dispersion by age
Age No. No. Arithmetic VMR K CV (%)
examined  infected (%) mean intensity
1 – 10 62 5 (8.06) 1.06 ± 0.24 20.0 –1.00 22.64
11 – 20 172 6(34.88) 4.19 ± 5.34 6.8 0.72 127.45
21 – 30 194 7(38.14) 4.59 ± 6.87 10.28 0.49 149.67
31 – 40 188 70(37.14) 5.25 ± 6.08 7.04 0.87 115.81
41 – 50 116 44(37.23) 6.23 ± 9.13 13.38 0.50 146.55
51 – 60 108 28(37.93) 5.29 ± 11.14 23.46 0.23 210.58
61+ 174 97(44.44) 3.82 ± 7.32 14.03 0.29 191.62
demonstrated in this study and also in previous inves-
tigations12,21,22. The study has shown that after six-
years period of annual ivermectin treatment, hyper-
endemicity status of the study area had been reduced
to mesoendemicity. There was a remarkable reduc-
tion in PMF and CMFL in the study area. The varied
percentage reduction observed in PMF and CMFL in
all the communities might be due to the different
treatment coverage patterns. The high treatment cov-
erage (>70%) recorded in the study area indicates
acceptance, compliance, efficacy and safety with
annual ivermectin treatment.
A quantitative understanding of the population dy-
namics of parasites and their impact on individual
hosts and populations requires a good estimation of
Table 3. Prevalence of Onchocerca volvulus microfilariae by village and sex
Village Male Female Total      Prevalence  P-value
No. No. No. No. No. No. ratio (95%)
examined infected (%) examined infected (%) examined infected (%)
Ajassor 108 44 (40.74) 260 56 (21.54) 368 100 (27.17) 1.89 p < 0.05
Agbokim 118 60 (50.84) 120 74 (61.19) 238 134 (56.3) 0.83 p < 0.05
Bendeghe-Ekiem 252 111 (44.05) 156 53 (33.97) 408 164 (40.19) 1.10 p < 0.05
Total 478 215 (45) 546 183 (34) 1014 398 (39.3) 1.15 p < 0.05J  VECTOR  BORNE  DIS  45, MARCH 2008 34
the intensity of infection in each host and how the
parasites are distributed through the host popula-
tion23. The overall prevalence of O. volvulus infection
by skin snip in the three communities was 39.3%.
Adopting the endemic rates classification as de-
fined24, these communities may be regarded as
mesoendemic for onchocerciasis. This result is con-
sistent with the reports of other workers25–27 working
in different parts of Nigeria, where the control
programme is being carried out. The sex related
prevalence shows that male subjects were signifi-
cantly more infected than the females. The result is
in consonance with other findings28,29. The frequency
duration and degree of exposure to infective flies may
have accounted for this difference among males and
females.
In the area surveyed, both microfilarial prevalence
and intensity increased with age, while exhibiting the
plateau effect reported in other studies and typically
reached in the 31–50 yr old age group13,14,26,30. It is
possible that this pattern of increasing age-dependent
O. volvulus infection may be due to the fact that the
rate of parasite immigration is greater than the rate of
worm death3,8,31.
The frequency distribution of parasites among host is
used as the basis of the quantitative assessment of the
nature of parasitism32. This work on population dy-
namics of O. volvulus has revealed the distribution,
aggregation and intensity of this parasite on infected
human host after six annual treatments with
ivermectin. This infection pattern of O. volvulus
might have been influenced by the availability of
blackfly vectors harbouring the infective stages (L3)
of the parasite and constant exposure of human host
to bites of these infective flies. The interaction of
these factors frequently result in an external variabil-
ity in the prevalence, intensity and overdispersion of
the parasite in host population33–35. This study did
suggest that a very efficient and active process is in
operation in the host-parasite interaction, probably
due to the presence of appropriate water bodies  for
the growth and development of the blackfly pre-
imaginal stages and human activities such as farming,
fishing, swimming, hunting and wild fruit collection
which increases the chances of vector-host contact11.
The distribution of the counts of parasite per host was
adequately described by the empirical negative bino-
mial model of distribution and variance to mean ra-
tio. These indices indicate that the population of O.
volvulus is overdispersed and aggregated within their
human host. This is evident by the apparent lack of a
process effectively looping off the upper tails of
microfilarial distribution per age group. Similar re-
Table 5. Relative index of potential infection (RIPI) of difference age group infected with
Onchocerca volvulus microfilariae
Age No. No. % Geometric Geometric Index of Relative index
(yr)  examined  infected  infected mean mean  potential  of potential
transformed infection infection
log10  (x + 1) (IPI)  (RIPI)
1 – 10 62 5 8.06 1.07 0.0294 0.41 0.07
12.56% 11 – 20 172 60 34.88 3.79 0.5786 79.31 12.49
21 – 30 194 74 38.14 4.43 0.6464 125.03 19.70
52.72% 31 – 40 188 70 37.14 4.46 0.6493 115.95 18.27
41 – 50 116 44 37.23 5.71 0.7566 93.54 14.75
51 – 60 108 48 37.93 4.44 0.6473 80.84 12.73  34.73%
61+ 174 97 44.44 3.24 0.5105 139.67 22.00
Total 1014 398 39.25 3.51 0.5453 634.75
}
}
}OPARA & FAGBEMI: O. VOLVULUS MICROFILARIAE IN HUMAN HOST  35
References
1. Onchocerciasis and its control. Geneva: WHO 1995; Tech
Rep Ser 852.
2. Anderson RM, May RM. Helminth infections of human
mathematical models, population dynamics and control.
Adv  Parasitol 1985; 24: 1–101.
3. Anderson RM, May RM. Infectious Diseases of Humans.
London: Oxford University Press 1991.
4. Gregory RD, Woolhouse MEJ. Quantification of parasite
aggregation, a simulation study. Acta Trop 1993; 54: 131– 9.
5. Boswell MT, Patil GP. Chance mechanisms generating the
negative binomial distribution. Patil TP editor. In: Random
counts in models and structure. London:  Pennsy State Uni-
versity Press 1970.
6. Basanez MG, Collins RC, Porter CH, Little MP, Bennett
DB. Transmission intensity and the patterns of On-
chocerca volvulus infection in human communities. Am J
Trop Med Hyg 2002; 67(6): 669–79.
7. Duke BOL. The population dynamics of Onchocerca vol-
vulus in the human hosts. Trop Med Parasitol 1993; 44:
61–8.
8. Basanez MG, Boussinesq M. Population Biology of human
onchocerciasis. Phil Trans R Soc London 1999; 354:
809–26.
9. Opara KN, Fagbemi BO. Physico-chemical indices of
breeding sites of Simulium damnosum in the Lower Cross
River Basin Nigeria. J Environ Sci (China) 2005; 17:
511–7.
10. Usip LPE, Opara KN, Ibanga ES, Atting IA. Longitudinal
evaluation of repellent activity of Ocimum gratissimum
(Labiate) volatile oil against Simulium damnosum. Mem
Inst Oswaldo Cruz 2006; 101(2): 201–5.
11. Opara KN, Fagbemi BO, Ekwe A, Okenu DMN. Status of
forest onchocerciasis in the Lower Cross River Basin,
Nigeria: entomologic profile after 5 years of ivermectin
intervention. Am J Trop Med Hyg 2005; 73(2): 371–6.
12. Opara KN, Fagbemi BO, Atting IA, Oyene UE, Okenu
DMN. Status of forest onchocerciasis in the Lower Cross
River Basin, Nigeria: change in clinical and parasitologi-
cal indices after 6 years of ivermectin intervention. Pub-
lic Health 2007; 121: 202–7.
13. Kirkwood B, Smith P, Marshall T, Prost A. Variations in
the prevalence and intensity of microfilarial infections by
age, sex, place and time in the area of the onchocerciasis
control programme. Trans R Soc Trop Med Hyg 1983; 77:
sults have been obtained36. According to Casie37,
helminth parasites of any one species are rarely ran-
domly distributed within their host population. The
overdispersion observed in this study might be due to
the fact that individuals are exposed throughout their
lives to severe transmission intensity and perhaps
become unable to mount an efficient protective im-
mune response38,39. In addition, factors such as the
abundance of infective blackfly vector, appropriate
water bodies  and human activities that bring vector-
host contact, acting singly or collectively might be
contributory to the aggregated distribution observed
in this study.
The analysis of index of O. volvulus infection among
positive subjects revealed that persons within the age
bracket of 21–50 yr contributed 52.7% of the positive
cases. It is possible that this active age group might
be acting as a reservoir by which infection could be
acquired and/or transmitted. This is likely because
most of the activities that bring about man-vector
contact are practiced by these age group in most ru-
ral communities, thereby exposing them to continu-
ous bite of infective fly. It is suggested that control
measure should be targeted at this age group, if mean-
ingful reduction in transmission potential is to be
achieved.
According to WHO21, ivermectin is known to
cause a reduction in number of microfilariae, but it
does not stop the transmission. The epidemiological
implication is that active transmission could still be
going on, because the tendency of the vector ingesting
more microfilariae is high due to the aggregated and
over dispersed nature of the parasite within its host.
Acknowledgement
We are grateful to African Programme for Onchocer-
ciasis Control (APOC) for providing logistic support
throughout this study. We appreciate the input from
State Onchocerciasis Control Programme, Calabar,
Nigeria.J  VECTOR  BORNE  DIS  45, MARCH 2008 36
857–61.
14. Moyou-somo R, Enyong PA, Fobi G, Dinga JS, Lafleur C,
Agnamey P, Ngosso A, Mpoudi-Ngolle E. A study on on-
chocerciasis with severe skin and eye lesions in a hyper-
endemic zone in the forest of southwestern Cameroon:
clinical, parasitologic and entomologic findings. Am J
Trop Med Hyg 1993; 48: 14–9.
15. Collins, FC, Gonzales-Peralta C, Castro J, Zea-Flores G,
Cupp MS, Richards FO, Cupp EW. Ivermectin: reduction
in prevalence and infection intensity of Onchocerca vol-
vulus following biannual treatments in five Guatemalan
communities. Am J Trop Med Hyg 1992; 47(2): 156– 69.
16. Oyibo WA, Fagbenro-Beyioku AF. Effect of repeated com-
munity based ivermectin treatment on the intensity of on-
chocerciasis in Nigeria. Rural  Remote Health J 2003; 3:
211–6.
17. Botto C, Arango M, Yarzabal L. Onchocerciasis in Venezu-
ela: prevalence of microfilaraemia in Ameridians and mor-
phological characteristics of the microfilariae from the
upper Orinoco focus. Tropenmediizin  Parasitologic 1984;
35: 167–73.
18. Oyene UE, Braide PD, Adie HA, Ikpeme B, Esu BB,
Okonkwo C. Participatory approach in production of in-
formation, education and communication materials for en-
hancement of community ownership and sustainability of
CDTI for onchocerciasis control in Cross River State Ni-
geria. Nigerian J Parasitol 2003; 24: 17–24.
19. Basanez MG, Boussinesq M, Brodihon J, Frontado H,
Villamizar NJ, Medley CG, Anderson RM. Density depen-
dent processes in the transmission of human onchocercia-
sis: intensity of microfilariae in the skin and their uptake
by the simuliid host. Parasitology 1994; 108: 115–27.
20. George DG. Dispersion patterns in the zooplankton popu-
lation of and eutrophic in reservoir. J Anim Ecol 1973; 42:
539–55.
21. Summary report of the OCP/TDR meeting on the impact
of ivermectin on Onchocerciasis transmission. JPC.22-
JAF/INF/DOC. WHO 2002. P. 2. 1–14.
22. Ndyomugyenyi R, Tukesiga E, Buttner DW, Garms R. The
impact of ivermectin treatment alone and when in paral-
lel Simulium neavei elimination on onchocerciasis in
Uganda. Trop Med Int Health 2004; 2: 912–6.
23. Seivwright LJ, Redpath SM, Mougeot F, Watt L, Hudson
PJ. Faecal egg counts provide a reliable measure of Tricho-
strongylus tenuis intensities in free-living red grouse
Lagopus lagopus scoticus. J Helminthol 2004; 78: 69–76.
24. Methods of community diagnosis of onchocerciasis to
guide ivermectin drug control in Africa. Report of an in-
formal consultation held in Oquagadougou, 19–21 No-
vember, 1991 TDR/JDE/ONCH/922. Geneva: WHO
1992.
25. Akogun OB.  Epidemiology and socio-economic studies
on filariasis in Gongola State, Nigeria. Ph.D. Thesis.
Nigeria: University of Jos 1992; p. 244.
26. Oparaocha ET, Odaibo AB, Nwoke BEB.  Clinico-patho-
logical study of human onchocerciasis in Imo River Ba-
sin Nigeria and its implications for the control of the dis-
ease in the area. Global J Pure Appl Sci 2000; 6(1): 5–6.
27. Opara KN, Udoidung NI, Nseobot U. Human Onchocer-
ciasis in Ekong Community Akamkpa Local Government
Area of Cross River State, Nigeria. Global J Pure Appl Sci
2005; 11: 477–80.
28. Abanobi OC, Edungbola LD, Nwoke BEB, Menicas B,
Nwagwu FU. Validity of Leopard skin manifestations in
community diagnosis of human onchocerciasis infection.
Parasitology 1994; 35: 5–7.
29. Anosike J, Onwuliri CO. Studies on filariasis in Bauchi
State, Nigeria: endemicity of human onchocerciasis in
Ningi Local Government area. Ann Trop Med Parasitol
1995; 89(1): 31– 8.
30. Mackenie CD, Williams JF, O’Day J, Ghalal I, Flockhart
HA, Sisley BM. Onchocerciasis in Southwestern Sudan:
parasitological and clinical characteristics. Am J Trop Med
Hyg 1987; 36: 371–82.
31. Hudson PJ, Dobson AP. Macroparasites observed patterns
in naturally fluctuating populations. In:  Dobson AP
Grenfell BY, editors.  Ecology of infectious diseases in
natural populations.  Cambridge: Cambridge University
Press 1995.
32. Crofton HD. A quantitative approach to parasitism. Para-
sitology 1971; 62: 179–93.
33. Stromberg PC, Crites JL. Population biology of
Gmallanus oxycephalus Ward and Magath 1916 (Nema-
toda Gamallamidae) in white bass in Western Lake Erie.
J Parasitol 1975; 61: 123–32.
34. Opara KN. Population dynamics of Piscicola geometra
(Hirudinea: Rhynchobdellida) on Oreochromis niloticus
(Cichlidae) cultured in a rainforest fish pond, southeast-
ern Nigeria. J Environ Sci 2002; 14: 536–40.
35. Opara KN. Population dynamics of Fasciola gigantica in
cattle slaughtered in Uyo, Nigeria. Trop Anim Hlth  Prod
2005; 37: 363–8.
36. Botto C, Planchart S, Martinez N, Castro L, Gelrud A,
Vivas I, Grillet ME. Onchocerciasis hyperendemic in theOPARA & FAGBEMI: O. VOLVULUS MICROFILARIAE IN HUMAN HOST  37
Corresponding author: Dr K.N. Opara, Department of Zoology, University of Uyo, Uyo, Akwa Ibom State, Nigeria
E-mail: nkopara@yahoo.com
Received: 2 April 2007 Accepted in revised form: 28 October 2007
Unturan mountains: an extension of the endemic region in
Southern Venezuela. Trans R Soc Trop Med Hyg 1997; 91:
150–2.
37. Casie RM. Frequency distribution models in the ecology
of plankton and other organisms. J Anim Ecol 1962; 31:
65–92.
38. Renz A, Fuglsang H, Anderson J. Studies on the dynam-
ics of transmission of onchocerciasis in a Sudan Savanna
area of North Cameroon IV. The different exposure to
simulium bites and transmission of boys and girls and men
and women and the resulting manifestation of onchocer-
ciasis. Ann Trop Med Parasitol 1987; 81: 253–62.
39. Maizels RM, Bundy DAP, Selkirk ME, Smith DT, Ander-
son RM. Immunological modulation and evasion by hel-
minth parasites in human populations. Nature 1993; 365:
797–805.